Ck (r0) = ex p { -i(k, r0)}-Ck (r0). 
Introduction
We consider the motion of an electron parallel to the x-axis in a field that is a function of x only. We suppose that the vector potential A is zero every where and that e c p = -V ( x ) . The Dirac wave func tion may be written in the form: xp = j(x) exp{ (i/h) (P2y + P3z -W t)} . 
If we substitute the expressions 1
,
where (6 ) We obtain the folowing linear system of differential equations for the functions cpx and cp2
The solution of system (7) has the following form
Periodic Potential Field
Now we consider the case that the function V (x) is a periodic function of x ; also
( 11 ) then the new functions V (x) and V (x ) satisfy the For the determination of the Energy eigenvalues W equations it *s more convenient to use the system of Eq. (7); then for the very simple case where
and the function V (x) satisfies the second order dif ferential equation:
The above equation equals Eq. (2 0 ) of PLESSET 2.
P l e s s e t has studied the case in which the func tion V(x) is a polynomial of any degree in x, or in l/x. The case of a uniform electric field V (x) = a x , has been treated by S a u t e r 3 and that of the simple harmonic oscillator, V (x) = a x2 by N lK OLSK l 4.
V(x) = V 0c o s^x
we have to solve the following system
B y taking into account the B l o c h 5 theorem we con clude that the solution of (13) will be of the form
By substituting (14) into Eqs. (13) 
(15)
By eliminating the coefficients Bn from the equations of the above system we get:
The above equation is a fourth order recurrence equation, and some methods will be applied for its solution At first perturbation theory will be used.
Before studying (16) it is useful to write it in its normal form:
The Eq. (17) is very similar to the recurrence equation of the Hill type and can be treated in the same way 6. This procedure is followed in § 4.
Perturbation Theory
We consider the case in which the parameter V0 is small; then by perturbation theory it is possible to expand the solution and the energy eigenvalues in the form of a series, i. e. By introducing (19) and (20) in (16) and by equating to zero the coefficients of the various powers of the parameter V0 we obtain the following recurrence system
An
where we have put
The above system can be easily solved in the following way.
First equation: [W02-( K 02/h 2) -T n2] A ,,,o = 0
Because of the condition A0 = 1 this equation has the solution
These are exactly the energy eigenvalues of the free Dirac electron.
Second equation: r V 0+ ^] A n + h()+ i w 0 --)A
The energy eigenvalues are
For n = 0 it follows that Wt = 0 and for n = + 1 we have
T2 -T 2 '
In addition y4o. i = 0 and An,\ = 0 for n 5 > 1 .
0 .
Third equation: For 7i = + 1 is ^± i,2 = 0 and for n = ± 2 we have
We also have /40 > 2 = 0 and ^4«, 2 = 0 for | ti j > 2 .
Fourth equation:
(T 02 -7 V ) ^, 3 + 2 r 0 r 2 1 + 2 r 0 r 3^M>0 -
+ (JF0-~J A n .\,2 + W * ( A n + 1'0 + A n _ lto)
For 7i = 0 it follows that tFo = 0 and for n = i 1 we have
1
W 0+ ( 7 ila )
For 7i = ± 2 is A±2 ,3 = 0 and for n = i 3 we have i r 0-(,t/o)
3' 3

He T 2-T J A<2' 2^~3' 3 he Tn2-T -S A -2'2 '
In addition we have ^0,3 = 0 and An,3 = 0 for | n | > 3 .
The right hand members of (31) and (32) are all known, because of (24), (26) 
z2/a2)-\{T02-T -2) Y -I W 02 {ji2/a2) ( T 2-T -x2) 2 (T02-T -22) W02+ (n 2/a)
By proceding in the same way we can calculate the coefficents Anj and W i. So we find the following solu tions:
-+OW),
ft3 c3 (r 02 -r x2) (r 02 -r , 2) (r 02 -7V) *VL ( r 0+ (yr/a) ) [ ( r 0+(7r/q))2-\{T02-r _ t2)]
H3c3
(
Tf-T-S) (T02-T -22) (r02-r _ 32)
+ O ( r 05),
The energy IF is given by the series:
T 2_T 2 1 T 2 __7 1 2
We observe that the perturbation method adopted here is the same as that of the nonrelativistic motion of the electron, i. e. the case of the Mathieu equation 7. The calculated energy as well as the coefficients of the series diverge at the point where
and as is well known from the quantum theory of metals, at these points the Bragg reflection 8 takes place.
These points correspond to the ends of the energy bands.
Since the energy IF0 takes positive and negative values, the same happens with W . The energy spectrum consists of energy bands as happens in the classical case, the difference being that the positive and negative eigenvalues are symmetric.
The points at which splitting of the continuous spectrum takes place are just the points where the Bragg reflection occurs.
The Method of Determinants
Before examining the recurrence Eq. (16) by using the method of determinants6, we shall combine it with the corresponding Klein-Gordon equation 9.
The Klein-Gordon equation is of the form
and has the following solution
when Tt (x) satisfies the second order differential equation 
The above equation is identical to (16) up to the term --(An + 1 -A n_ 1) .
The study of Eq. (44) is already known and the condition of the determination of the eigenvalues leads to the following expression:
where A (0) is the Hill determinant 6 by Kx = 0 .
We also notice from the eigenvalue equation (45) that the energy W is a periodic function of K x with period 2 7i/a i. e. we just have the Bloch condition i. e. the energy is an even function of the wave number Kx and in addition a periodic function with period 2rrja.
The above method of determinants will be applied to the recurrence Eq. From the above we notice that the relativistic motion of the electron in a onedimensional periodic poten tial gives an energy spectrum which consists of energy bands.
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